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THE ARRODYNAMIC DRAG OF FLYING-BOAT HULL MODELS
ASs MEASURED I¥ THE W.A.C.A., 20-FOOT WIND TUNNEL - I

By Edwin P. Hartman
SUMMARY

Yeasurements of aerodynamic drag have been made in
the 20~foot wind tunnel on a representative group of 1l
flying~boat hull models. The models were originally conw
structed for the N.A.C.A. Tank and the resulis of taank
tests on 9 of them have already been published,

Four of the models were modified to investigate the
gffect of variations in over—~all height, contour of deck,
depth of step, angle of afterbody keel, and the addition
of spray strips and windshields.

The results of these tests, which cover a pitch—angle
range from -5°% %o lOO, are prescnted in a form suitable

for use in performance calculationsg and for design pur-
poOSes,

INTRODUCTION

The scarcity of aerodynamic drag data on flying-boat
hulls has Peen dbrought %o the attention of the N.A.C.A.
through repeated requests for such data. A4t the present
time practically all of the data on the aerodynamic char-
acteristics of flying-boat hull models that have been pub~
lished are to be found in reference l. The tests repori-
ed therein were made on models of which the greatest num-
ber are at present obsolete and of which the dimensions

were less than one half those of the models in the preg-
ent tests.

The present tests were greatly facilitated by using
the models that had been consitructed for hydrodynamic re-—
search in the W,4,0.A. tank, These models formed a rep—
resentative group of recent hull lines and were of such
size as to permit a Reynolds Number (based on hull length)
of about 7,500,000 to be obtained.
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The main purpose of this investigation is to malke
available to the designer usoful information with rogard
to the aerodynamic drag of various types of flying-boat
hull models. The pregent report is the first in a series
covering an investigation in this field., Through closs
cooperation between the hydrodynamics and aerodynanics
divisions 1t is hoped that results leading to improvements
in hull design may be obtained.

Ag the air characteristics of a flying—~boat hull will
be*most useful to the designer when supplemented by tank
data, a list of the N.A.C.A. publications in which the wa-~
ter characteristics of all the hulls in the present study
that have thus far been tank~tested is given below.

Model mo. 7 Eublication
C o 11-a T.N. 470
16 | e T, 471
18 . p.u. 482
14 o - T, 491
35 “ o o.w. s04
22-4 . T.N. 504
26 T.N. 512
1 - T,R. 470
1 T.R. 503

APPARATUS AND METHODS

investigated in thles report are glven in figures 1 and 2
and 4 to 12, and in tadble I, the identifying numbers being
the same as those used in the reports of the tanlkt testa.

The models were made of mahogany; the surfaces were smoobth
and painted. '

Seven of tne nodels were bullt with flat plywood-
covered decks. This construction was consideradbly less
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costly than one with a normal superstruciure and facili-
tated testing in the tank but, unfortunately for fthe pres~
ent tests, these models bore litile aerodynanmlic resom~
blance to normal hulls with 17887J rounded deck cormers.

The possibility was con51dev d of fitting rounded
declts on 3 of the flat-decked models ang from testis on
thesgse 3 predicting what the sffect of the rounding would
be on the other 4, The drag of a hull will vary somewhatl
wlth the curvature oT,tFe rounded deck dut it was thought
that most of the benefit.of a. fully rounded deck could be
obtained by merely giving the corners a generous radiusg of
carvatire. A detachable rounded—deck layer hav11@ a cor-
ner radiwsg and thickness egual to one-guarter of the beam
atv each staltion was thorcforo-made for models 114, 26,
and 35, In figures 2, 8, and 9 the rounded—dGCA layer is
shown by broksen lines. Thé_solld lines .in all of the fige
ures cxcept figure 20(&a) indicate tho linmes of the orige
inal models. ‘ LT o

Other structural modifications madc to models 35 and-

11—4 consisted of cutulpg them down %0 the'minimum height
possible without cutting f’rough the chines . and thean re—
ou11d1:5 themn Wlth a number of detachable flat layers,

each 1% inches in thickness. This construction enabled the
dotermination of the variation of hull édrag with hull
hoight. One of the flat layers is shown by broken lines

in _1gures 2 and 9. Tne amount ubat ‘the orﬂglﬂal models
were cut down is noi indicated in the drawings.

As received, the decks of all the flat-decked models
were covered with 5/16-inch plywood and rounded at the
corners to about 1/4-inch radius, The discrepancy between
the heights indicated in the figures and in ftabdble I is ac-
counted for by the thiclkness of this plywood layer, not
shown in the figures, with which all of the flau~deckcd
models werc tested.

The flat~declkted model 11l~A tyras made in two main parts,
the forebody and afterbody, separable at thae main step.
Variations in depth of step were obtaimed b shiftiang the
forebody up or down relstive to the afterdody, and varia-
tions in angle of\afterbo&y keel were obbtained by inserit-—
ing wedges between the two sections. In both cases the.
deck was built up to aveid irregnlarities. ' '

~
o

tiodel 35 wa s further modified %o permit the determi-
natlion of the cffact of both the ordinary and undercut
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types of windshield. These modifications (shown in fig.,
20(a)) were made by cutting down the foredeck and build~
ing wp the windshields with plasticine,

Avoparatus.~ The tests were made in the 20~foot tun~
nel described in reference 2, The models were mounted in
an inverted position on a strut as shown in figure 3 and
the changes in angle of piltch were obitained by rotating

the model about a horizontal bar to which the vertical
strut was attached.

All of the supporting structure except a short por-
tion of the supporting strut was totally enclosed by falr-
ing and the system was electrified to detect any fouling
of the fairing with the active supports,.

Methods.~ The models were tested through a pitch-
angle range from =-5° to 10° at intervals of 2%0, meagsurod
from the straight part of . the deck center line, Drag
readings wore taken at soven or more air speeds ranging
from 45 miles per hour to somewhat more than 100 miles per
hour and were plotted against dynamic pressure ¢ for
each angle of pitch. The valuss of gross drag at a dynam~
ic pressureo corresponding to a velocity of 100 miles per
hour in standard air were taken from these plots and, af-
ter making tare and horizontasl-=btuoyancy corrections, the
net drags thus obbtained were converted to coefficient form
and plotted against the angle of pitch.

The tare drag was determined at each angle of pitch
by supporting the model on the balance with an alternate
set of struts and meking drag tests with and without the
normal supporting strut. The tarc drag thus obbtained

amountod to about 22 percent of the average minimum drag
of the models.

A horizontal-buoyancy correction was necessary since
in the portion of the tunrnnel jet where the models were
tested there exists a static-pressure gradient in the di~-
rection parallel to the air flow. The correction wasg

found to be about 8 percent of the minimum drag of each
hull model.

The drag coefficient given in all the figures of thisg
report, Op = drag/qA, is based on the maximum cross-
gectional area of the model., A coefficient based on the
two—~thirds power of the volume might have been equally
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suiteble and for thig reason table I gives, in addition
to the major dimensions, the volume of esach-hull model and

its minimum drag coefficient Crrz/ﬁ based on (volume)3/3,

PRECISION - O

The balance system was calibrated during the period
when these tests were being made and it was found to be
accurate 10 0.05 pound in.the. range of drag values encoun-
tered in the hull~model tests,

The plots of gross drag against q showed few poinits
rempoved more than 0.10 pound from the mean line and, aftcr
considering the possibility of othsr minor errors peculiar
to wind—~tunnel testing, it is.bel_eved that in the range
of minimum drag the tests arc accurate to *0.15 pound, or
about =5 percent. Thigs percentgge accuracy may also be
assumed as holdlng for the n;gher angles of nltch.

-RESULTS AND DISCUSSION:

[ -

The results of the present uests are presented in.
figures 13 %0 23 and iz %able I. Figure 13 shows the drag
curves for all the models with rounded decks and figure 14
shows the curves for three flat-decked models. The drag
curve of model 44, one of the NC class, is notable because-
of its low value of minimum drag and because of the angle
at.which the mininum Oceurs. It must De remembered, how~
ever, that Tflying boats using the form of model 44 reguire
either a hull extension, cr booms, to carry the tall sur—~
facesg, the drag of which must te added. to the drag of the
hull for a 3Srue comparison with the drag of other hulls,

Hodels 11~4 and 26, which have the most favorable
drag characteristics of any of the hulls ftested, have ver-
tical sides. Model 35 also has vertical sides but, 1like
medel 22-A, it has a pointed step that seemg to have a
higher arag than the usual transverge gtepe. )

Effect of height.-~ The relation between drag coeffi~
cient and over—-all height of hull is shown in figures 15
and 18, These resul%s were obtained by adding flat-daeck
layers to the models and testing with and without the :

rounded—~deck layer, The curves 'in figures 15 and 18 indiw
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cate, as one would expect, that the drag coefficient de-
creases with increcase in the helght of hull. It i1s to be:
noted that, although the cocfficient decreases with height,
the drag acitually increasocs. o

Effect of rounded declz,~ Figures 17, 18, and 19 indi-
cate the benefilit derived from a rounded deck. The 4dif-~
ferences between the drag coefficientg of the three hull
models with and without rounded decks ars exaggerated by
the dilsproportion between the height of the three models
with and without the rounded deck, With the ‘data in fige
ures 15 and 16 it is possible to estimate a height correc—
Tion that will put the curves on a comparable basis. Such
a method was used to produce the dotted curves in figures
18 and 19, which give the drag of flai-decked hull models
heving the same cross—sectional areas as the models with
rounded deck in these figures.- No,cdrrection was necessary
for model 35 (fig, 17) as the ecross—sectional areas for
the two conditions were nearly the same.

If the minimum drag of hull model 26 with the flat 4
deck and with the additional rounded-~deck layer is calcu~

lated, it is found that, although the cross—sectional areca ’
has been increased 33 percent by the rounded-deck layor, )
the minimum drag has actually been reduced by about 12 per-

cents TWhen the hulls are of the same over-all height the

reduction is from 20 to 25 percent.

Effect of windshields.~ The additional drag caused by
two common types of windshields is shown in figure 20.
Although hull model 35 was the only one tested with a wind-
shield, the results of tho tests on it may be wused to es=~
timate. thae additicnal windshield drag coefficient for the

other hull models. The high drag of the undercut wind-
shinld is noteworthy. '

Effect of spray strips, depth of step, and angle of
afterbody keel.~ The effect of adding spray strips to mod-
el 40 is shown in figure 21. The spray strips, which were
about 2 percent of the bearm in width, increased the mini~
mum drag of the model by about 8 percent; at 10° angle of
pitch the increase in drag was abou®t 15 percent. For oth-

ar hull models the effect of the strips will probably vary
gsomewhat with the chine lines,

Tests were made on model 1ll-A with three depths of )
steps 1 inch; 1/2 inch, and no steps The results of these
tests are shown in figure 22, A calculation based on these
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date shows that .the increase in drag caused by the step
when oxpressed as & ceocfficient Dbascd on the area of the
step gives a walue which docs not vary grcatly and which
averages aboud O.2le ZTarlier in this report it was men=
tioned that p01nted steps appear to have a higher drag
than transverse steps.  This characteristic is probably
due to the fact that pointed steps are deeper than trans—
verse sbteps and are rounded Ito the center line so sharply
that separation of the air occurs. : :

Pigure 23 shows that up.to an axmgle of about 6° the
effect of the anglc of afterdody keel (measured as indi-
cated in fig. 2) on drag is praciically negligible but in-
creases quite rapidly for larger angles. These results
alsc were obtained from hull model 13-4,

e resistance of a hull model as neasured

Taxe—0ff.- Th
in the §.4.C.A. tank includes the air drag of that portion
rigsing above the water surface so that in making take~off
calculations the data in this.report need be used only in-
directly in a manner described in various tank publica-
tiong; c.g8e, Teference 3o . - - ' )

General discussions.~ 4 comparison beiween the drag
coefficients of flying-Dboat hulls and the drag coefficient

.of an airship hull should be of some interest. The drag

coefficient of an airship hull at approximately the same
Reynolds Number as the hull nodels tested here was calcu~
lated from airship dataz obtained in the 20-foot tunnel
(reference 4) and found to be about 0.052; whereas in fig-
ure 15 the minimum drag coefficilent of model 26, the
"ocleanost" model, is. fouhd to be 0,092. It therefore ap~
pears that it would be possible, disregarding all practi-
cal considerations, to reduce the drag of model 26 by
about 43 percent,

The reguirements of good water performance demand,

of course, a variation from ideal zerodynanmic formn. Al-
though such irregularities gs chines and steps appear at
this time to e essential features of hull form, it may

be possible through judicious decign development to reduce
their 11l effects without impairing the water characterig-—
ticss The results of these ftests indicate that large im~
provements in the design of many hulls would, indeed, De
possible.

Since the beginning of their use the design of *
boat hulls has been dominated by their water performanc

B o
o
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rather than by their:aserodynamic gualities. The increas-

ing tendency toward high-~speed flying boats having low

power loadings and wusing controllable propellers will un~

doubtedly shift the focus of attention in the aerodynamic

direction and it is not beyond the realm of possiblility

to expect radical innovations in the way of retractable

steps and controllable fairings for steps and chines, l

The data for a representative group of flylng-boat
hull models presented in this report should be useful in
design and for performance calculations. It is planned
to make further tests on additional models that have been
or will be tested in the N.A.C.A. tank thus including a
greater number and variety of hull forms. Research of a
more fundamental naturec to determine the extent to which

" the dragz of a hull is influenced by modifications of chines,

steps, and body contours is also contemplated.

Langley Yemorial Aeronautical Ladoratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,.,, MHarch 25, 1935,
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9
TABLE I
BASIC DIMENSIONS AND- HINIMUM AZRODYNAMIC
DRAG CEARACTERISTICS OF EULL MODELS
Dimensions Cocefficients
Hull Flitch
Yo, | Length)Height| Beam| Area Volume Cp CDV2/3 angle
A v {win.,)|{(min.)
In, In. In. |Sgefte|{Cusfte Deg.
1 9646 12.8 | 16,7 1.14 550 |04130 |0.0475] O
11-4 95.0 17.5 {17.0] 1.80 9.76 .098 .0387 0
11-4% 98,0 16,3 | 17.0] 1.70 7.86 .130 .0560] ~1
147 96.0 14,3 | 19.0] 1.66 | 8.30 «140 L0567 -1
16 100.0 13.3 | 15.9) 1,02 4,80 116 0418 O
18 117.5 | 13.8 | 1648 ] 1e22 7.10 124 .0409 1
22-A% 98.8 12.3 [ 17.0] 1.36 6.36 .158 0627 -2%
26 9944 | 17.5 | 17.9] 1.20 (10.56 .092 .0365 1
267 99¢4 | 13.3 | 17.9] 1.43 7«80 <140 0509 0
35 80.0 1348 | 13,0} 1.183 5420 .103 .0388] -3
351 80.0 12.5 | 13,0 | 1,14 5,43 « 130 0480 -3
35! 100.0 12.8 | 14.0 ] 1.13 6.42 146 0477 0
401 100.0 14,3 | 13.0 | 1419 5463 <119, 0402 -1
4012 | 100,0 14,3 | 13.0 | 1.19 663 .158 .0432] -1
44 76.1 13,0 | 17,0 | 1.12 5.02 .094 0350 —6

t - . .
Indicates models with

declzs.
®With spray strips.

Cp

2
gd.

CDV

flat declzsy

2/3 -~

D
qve/E

the others have rounded
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Flgure 21.-The variation of the drag coofficicnt of model 40 with the
addition of spray strips. -
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